When the files of 50 infants admitted to U ni versity Hospital, New York City, for non-neurological complaints were examined, only 16 per cent, had a history of abnorm al birth, or less than half that of the corresponding value in the subdural group.
Skull fractures were noted in only 25 of the 405 cases, or 5 per cent., and fractures of the long bones occurred in 13 cases (2.5 per cent.). Eight of these latter cases have no history of trauma and this seems to suggest that even quite m ajor traum ata may pass unnoticed or that the parent is unwilling to make the adm is sion. Of 287 cases, 186 (or 65 per cent.) were in males. Matson and Ingraham have suggested that the increased incidence is due to the fact that males are slightly larger than females at birth, and Perlstein and Hood have shown that there is an increased incidence of intracranial birth injury in both prem ature and large infants. All these figures indicate that whereas traum a is an im portant factor, it is not the only one.
Hypoprothrombinaemia and vitamin K lack are known to occur in the newborn, the deficiency becoming increasingly marked during the first 72 hours of life. It is particularly low in p re mature infants. This deficit of prothrom bin, throughout the first months of life, renders the infant more susceptible to the effects of head trauma than its elders, since small vessels, which if ruptured would normally clot at once, may continue to ooze insidiously for a longer time instead. Sharpe (1925 and 1926) has shown that some degree of intracranial bleeding may occur in as many as 10 per cent, of apparently normal births.
Whereas in the past there was much discussion about the origin of the condition, most are now of the opinion that a venous haem orrhage is the first occurrence, followed by organisation and the formation of a membrane around the clotted blood, and a num ber of bleeding points have actually been observed in adults-the superior longitudinal sinus (O ldberg), parietal veins Laudig et a i. A uthors), bridging and arach noidal veins (L eary), while several authors have seen tears of the tentorium cerebelli and straight sinus in infants.
Anderson has reported three cases in which a subdural haematoma complicated an operation for the relief of hydrocephalus. It seems that in these three cases intracranial pressure had been high prior to surgery and that when this was relieved, following ventriculo-ureterostomy, the thinned cortex tended to pull away from the vault, thereby tearing the veins running to the superior longitudinal sinus.
It may well be that when at delivery the com pressive effects of forceps, prolonged or preci pitate labour are suddenly removed, there is a rapid readjustment of the suture lines, a sharp drop in intracranial tension, a pulling away of the cortex from the dura, with laceration of the bridging veins, clotting of the blood being de layed by hypoprothrombinaemia. Trotter (1914) observed that the brain was protected from lateral movement by the falx, but that when movement of the head was in the sagittal plane there was nothing to prevent the brain from continuing to travel if the head stopped sharply, thereby putting the arachnoidal bridging veins on the stretch and even rupturing them, which likelihood is enhanced by the soft ness, easy mouldability and rapid growth of the infant skull. Herein may be the cause of the haemorrhage in the post-natal traumatic group.
It has been suggested that the falx and ten torium serve to limit the extent of the bleeding centrally and posteriorly. Of 401 cases, 2 9 i (72 per cent.) are bilateral, and this suggests that numerous vessels are torn on any one occa sion. One of Peet and Kahn's cases communi cated beneath the falx, and possibly one of ours (R.G.). The clots are usually situated in the temporo-parietal region and are rarely found elsewhere, although they may occur in the midline (Ormiston, 1956) , in the posterior fossa (Coblentz, 1938; Crawford, 1935; Ormiston, 1956) and also several in which, the subdural membranes extending down into the thoracic region, the symptomatology mimicked a bulbar palsy. We have thought that at times the fluid may extend all the way down into the lumbar region.
The initial bleeding cannot be long sustained, since the mere presence of blood within the sub dural space must increase the intracranial pressure and tamponade the bleeding point. The future course of the patient seems to depend upon the amount of blood extravasated and on the possibility of its being connected with the subarachnoid space and draining away, when no symptoms will arise. If the quantity of blood is large and confined to the subdural space there will be an early increase of intracranial pressure, with rapid onset of symptoms; if the quantity is small, the onset of symptoms is delayed. Dur ing the course of the first few days after the haemorrhage the blood clots and haemolysis commences. Zollinger and Gross have shown that when blood is haemolysed it is five times more osmotically active than when unhaemolysed. Being closed in a pocket between the dura and the arachnoid, it is believed that the clot begins to attract tissue fluid of low osmotic pressure from surrounding interstitial spaces, and G ardner (1932) in fact has placed cellophane sacs con taining blood in the subdural spaces of dogs and observed an increase in size.
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At the same time organisation commences. Capillaries, round cells and fibroblasts invade the clot from the inner surface of the dura, and in the course of the next few days a thin, fibrous membrane is laid down. From the edge of the this distinction into two membranes may or may not be apparent and depends upon the amount of fluid that has been drained preoperatively and the degree of organisation. It seems for some reason at present unknown that this particular region of the body cannot remove an haematoma in the usual m anner and can only make a poor attempt at organisation.
During the course of the next few days or weeks there is a progressive increase in the size of the fluid content as well as a progressive breakdown of the osmotically active proteins to diffusable sizes.
The haematoma, therefore, increases to such a size as to make itself maniIllustration la.-M edium iiower cross section of the outer m em brane which has been separated from the dura m ater. O rganisation is proceeding from the lower portion of the picture which was form erly attached to the dura m ater upwards into '.he blood clot, which can be seen on the upper portion of the picture. Capillaries, round cells and fibroblasts are steadily invading the clot from below, leaving behind them an organised m em brane as they advance into the clot.
clot the process of fibrosis creeps inwards on the arachnoidal surface of the haematoma. Thus, rather than becoming a solidly organised mass, a hollow cyst forms by this ingrowth of granu lation tissue from the side of the clot on to the inner, or arachnoidal, surface (illustration I ) . The arachnoid itself, however, plays little part in this process of organisation, although it may become a little glazed in colour. The inner membrane resembles that of the dural surface, but is invariably much thinner. At operation
Page Four Hundred and Thirty-Eight fest or, much more rarely, becomes stabilised at a size which is inadequate to produce serious symptoms. As the haematoma enlarges, further haemorrhages mav occur from other veins which become stretched or from torn granulation tissue, and the condition becomes aggravated. The rate at which changes occur in the fluid and in the production of membranes was estimated by Munro and M erritt in adults. In an analysis of 47 cases in which the exact date of traum a was known they found that from four to five v N *• :• days after the injury there was a definite thin layer of fibroblasts beneath the dura mater, and that by 17 days there was a thin membrane on the arachnoidal surface of the clot as well. No membrane was seen in any of our cases before the seventeenth day after the occurrence of the haematoma, and then it was very thin. In one patient there was no membrane on one side at 96 days. Five cases operated on after 96 days showed thick membranes.
Munro and Merritt found that, shortly after the occurrence of the haematoma in adults, the protein value of the supernatant fluid begins to rise and reaches its maximum at around the twentieth day. It then drops rapidly until, at about thirty days, it begins to stabilise. In several of our cases whose fluid was examined for protein the value was found to vary between 2.5 gm. per cent, at seven days, 0.9 gm. per cent, at 56 days and up to 5.2 gm. per cent, at 180 days in different patients. Both these findings suggest that the whole process of disintegration of blood, as well as organisation of membranes, occurs much more slowly in the infant than in the adult.
The average duration of haematoma in 11 of our cases, in which the date of origin can be accurately fixed, is 61 days. In a chart pre pared by Munro and Merritt the average dura tion of 41 adult cases from trauma to operation is 39 days or two-thirds of the time it takes for a haematoma in an infant to come to operation. It seems that this delay may be due both to the slower process of organisation and destruction of the blood clot and the decompressive abilities of the infant skull (illustration 2 ).
From the standpoint of intracranial mechanics there seem to be two very important factors in the infant which are not present in the adult and which account for the difference in symp tomatology in chronic cases. In the adult the chronic subdural haematoma produces its symptoms by the interaction of increased intra cranial pressure and a space occupying lesion pressing on a non-expansible skull and well developed brain. The infant, on the other hand, has open fontanelles and suture lines, which provide a ready means of decompression. Papilloedema, vomiting, headache and stupor are accepted symptoms in the adult, but in the child enlargement of the head and opening of the suture lines may well be all that occur. It is this expansibility of the immature skull, there fore, that is one of the most important causes of chronicity of the condition in infants.
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Another and extremely important factor is the growth of the infant brain. Coppelletta and Wolbach have estimated that the infant brain doubles in size during the first three months and again during the next six months. The brain may fail to develop at the usual rate, so that a mentally retarded infant is produced and. by remaining small, allow space for the haematoma.
Four cases showed unusual fluid findings, but it was not possible to determine accurately the date of occurrence of the haematoma nor to establish the aetiology. These cases are all characterised by low values for the subdural fluid protein, which range from 31.4 mg. per cent, to 141.3 mg. per cent. Two developed thin membranes, while the other two did not. These cases fall into that group which has been described as "subdural hygroma" and which Munro and Merritt feel is caused by the admix ture of blood with cerebro-spinal fluid in the subdural space. With their lower protein values they have a greater tendency to stabilise and become chronic and may well represent some group intermediate between the traumatic and the infective (meningitic) types.
Examination of the clinical types shows that they can be divided into three groups: 1, Acute; 2, Chronic; 3, Chronic Relapsing (Davidoff and D yke).
1.
The Acute Type manifests itself at any time and there is frequently a history of trauma. There is a severe haemorrhage, together with a greater rise in intracranial pressure than the brain and skull can tolerate. The child shows early signs of acutely increased intracranial pressure and possibly signs of brain injury as well. The latent period is short and deterioration rapid.
Case Report No. 1: P.D., age six days. The patient weighed 9 lhs. at birth and was the third offspring of a healthy mother. Labour was spontaneous, with a normal presentation, hut was rapid and was completed in two hours. The child appeared well for six days, when she had a generalised convulsion. On admission to UniversityHospital a tense fontanelle 7 x 5 cm., a wide sagittal suture and occasional twitchings on the left side were noted. The right pupil was larger than the left. The child vomited after each feeding, occasionally projectile, and had a slight bronchitis. Skull X-rays showed no fracture. A subdural tap revealed 8 c.c. of bloodyfluid from the right subdural space; the left side con tained no fluid. The child was treated by aspiration of the subdural spare, but despite this her head con tinued to enlarge, and five days after admission measured 37.5 cm. as compared 'to 36 cm. on admission.
Despite repeated subdural taps which ultimately became less productive, the child became grey and stuporous and the fontanelles very tense. The subdural November, 195? Electro-encephalo graphy showed diffuse abnorm ality. Subdural tap with the injection of air dem onstrated large bilateral sub dural haem atom a with m arked cerebral agenesis (illustration 3 ), and m em branes were removed through enlarged bilateral trephine holes. W hen last heard of two years and four m onths later, he was doing well, but was still slightly retarded. T he electroencephalo gram had become normal.
H ere the skull allowed a decompression and the failure of development of the brain likewise created space for the enlarging lesion. However, despite this, the lesion expanded more rapidly than the decom pressive abilities of the skull and brain could tolerate and he developed signs of increased intracranial pressure.
Case Report No. 3: J.F., male, 2 f years, was adm itted because of retarded development. T here was a history of prem aturity and of birth injury, labour being induced and lasting approxim ately 13 hours. On admission his head was found to be small for his age and he m ade noises, but said no words. T here were no abnorm al neurological findings.
Pneum oencephalography was suggestive, in that there was poor filling of th e subarachnoid spaces. T rephine holes showed bilateral subdural haem atom a with m em branes on both sides, which were removed by craniotomy. W hen last seen, approxim ately I f years later, he was found to be doing well. He was much more alert and comm unicative than previously and was classed by his pediatrician as only slightly sub normal.
In this case the child's head was not enlarged; if anything, it was slightly small. T he space occupying lesion was present at the expense of the norm al develop m ent of the brain.
Chronic Subdural Haematoma Dating from
Infancy.-These cases show essentially the long term results of those of Group 2, which have not been detected earlier. There were no cases of this nature in this series, but their existence has been well documented by Davidoff and Dyke (1938) , Critchley and Meadows (1932-33) , Goldhahn (1930) , Wadsworth-Schwartz (1952) and Spiller and McCarthy (1899) , all of whom have reported cases in adults or older children who clearly have harboured the lesion since infancy. Seizures and mental retardation are the commonest symptoms. This group underlines the importance of early diagnosis and treatment if permanent damage is to be avoided.
Meningitic Group
Cured cases of acute meningitis are commonly associated with a severe morbidity and, whereas meningococcal meningitis was at one time the commonest infective disorder of the meninges, Anglin et al. (1952) found that H. influenzae was now more common and accompanied by the more severe sequelae. Bloor et al. (1950) found that among 39 cases of meningitis due to 11. influenzae, there were 10 deaths and 11 poor results. Among the 11 poor results there were one severe behaviour problem, three with bi lateral pyramidal signs or hydrocephalus, one hemi-paretic and one was deaf; 10 were retarded.
In 
"
It is felt that the clinical course of patients in the past may have been rendered more hazard ous by pressure on the brain caused by this fluid, and that subsequently organisation of the exudate with membrane formation may be re sponsible for the continuation of that pressure, with long-term morbidity in some cases. More over, the significant reduction in the mortality effected by the antibiotics may result in an increase in this type of lesion in the severer cases and the development of abnormalities pre viously seen but rarely.
Fluid may be detected in the subdural space in significant quantities quite early in the disease, and when this occurs is evidence of a very severe illness. In one of our cases it was found on the third day. On the other hand, in another case it was found on the nineteenth day, al though taps had been performed as early as the second day because of the child's poor condition, while in one of Smith's cases it was not found until the sixty-second day.
Smith et al. have likened the process to that of a pleural effusion.
Gitlin (1955) has examined the protein content of subdural fluids obtained from infants whose lesions were either traumatic or inflammatory. In both cases he finds that there is a disproportionate increase in the amount of smaller moleculed serum albumen compared to globulin. This suggests that some degree of capillary damage has occurred in both cases, presumably of an inflammatory nature, and that in both cases the fluid is at least in part exudative in nature.
This opinion is supported by Crosby and Bauer (1956), who have examined the radio activity of the skull after the ingestion of P32 in these cases. They find that P32 activity is greatest when membranes are present and that the level of radioactivity varies with the aetio logy, cases associated with malnutrition having 'a lower value than those associated with trauma. These authors believe that their findings support the thesis that all subdural collections are effu sions resulting from change in the vascular permeability and that osmosis forms only a part of the process.
The fluid, in the first instance, is either turbid or xanthochromic. Organisms can occasionally be grown from it, but of the antibiotics, peni cillin at least enters the subdural space in quantities adequate to control susceptible infec tions (Arnold, 1951) . Where the fluid is turbid there is usually a considerable outpouring of fibrin which appears to involve both arachnoid and dura mater, and while at operation it can be readily removed from the latter, it may not be so freely separated from the arachnoid. Or ganisation of these flecks of fibrin is responsible for the dural and arachnoidal thickening and also, in some cases, for cortical scarring and adhesion.
As the inflammatory process subsides the production of fluid usually lessens, until even tually none can be obtained at subdural tap. On the other hand, it sometimes happens that the fluid, far from becoming less in quantity, increases and may become blood-stained, so that a dark-brown fluid may be obtained. That this colouration is not prim arily due to bleeding caused by traum a at the time of the subdural tapping is shown by our case, L.B., in which the fluid discovered at ventriculography was a dark brown, yet no subdural taps had been performed, and presum ably it originates by ru p ture of distended vessels in the inflamed meninges. Clearly, however, it is possible for bleeding to be caused by traum atic attempts to obtain fluid (see case report No. 6 ). When the fluid becomes deeply xanthochromic and bloody, or is infected or turbid, the tendency towards membrane formation appears to be greater than when it is light yellow; on the other hand, the length of time that the fluid is present may be significant. A typical sequence of changes found in cerebro-spinal and subdural fluids is illustrated by Table I (C .P .).
The process of the development of the mem branes appears to be identical in all cases, no m atter what the prim ary aetiology. There is the same invasion of the clot or the fibrinous exudate by fibroblasts, histiocytes and capillaries from the inner aspect of the dura, with the laying down of a thin fibrous mem brane which thickens as organisation proceeds. A similar process occurs on the inner surface, hut the flecks Page Four Hundred and Forty-Six of fibrin cause the membrane to become more intimately related to the arachnoid and thicker than in the traum atic type (illustration 4a, b and c ) .
Of 40 reported cases, 25 (62 per cent.) were bilateral and 15 (38 per cent.) were unilateral.
Clinical cases can be classified into two groups, acute and chronic.
The Acute Lesion.
Case Report No. 4: E.P., a m ale child, aged six months, was adm itted to Bellevue Hospital, New York City, on the 30th January, 1955. He had a three-day history of convul sions with cough, fever and irritability for two days and vom iting for one day. On the day of admission he developed a slight paresis of the right leg and arm. He had had a lum bar puncture after his first convulsion which had been negative, and he had been given G antrisin syrup. On admission he had a tem perature of 103.5° F. and was Stuperous and irritable. His neck was stiff and there was hyperreflexia, a bilateral babinski response and a right hemiparesis. T here was a slightly bulging fontanelle and the disc m argins were blurred. W.B.C. was 18,000/c.mm. with 61 per cent, lympho cytes. Lum bar puncture showed a clear fluid, with 387 white cells, 77 per cent, being lymphocytes. Protein was 90 mg. per cent, and sugar was 62 mg. per cent. C ulture grew beta-haem olytic streptococci. The child continued to have right-sided convulsions and on the sam e day subdural taps were perform ed. T hat on the left side yielded 8 c.c. of turbid yellow fluid. Subdural tapping on the right side was negative. Penicillin, chlorom ycetin and sulphadiazine were adm inistered. The child was very much improved, convulsions had ceased and he was taking lluid by mouth.
Subdural taps were not repeated until the eighth day, when the left side was dry, but the right side yielded 30 c.c. of bloody and xanthochrom ic lluid.
Two days later a further 40 c.c. of xanthochrom ic lluid were obtained from the right side, and on the eleventh day a fter admission the right side again yielded 30 c.c. of grossly bloody and xanthochrom ic lluid. The left side, which had been turbid at the start and was the first side to become positive, rem ained negative.
On the 11th February the child's condition was excel lent, the tem perature had been norm al for several days and the C.S.F. norm al for five days. U nder general anaesthesia a trephine hole was m ade on the left side. This showed a thick outer m em brane which, when opened, released about 10 c.c. of a dark xanthochrom ic fluid. A trephine hole was then m ade on the right side, and when a very large cavity extending down beside the frontal lobe was seen with a m em brane on the surface of the dura, this was converted into a small Hap.
The m em brane was removed from the dura. There was no inner mem brane. T he whole of the frontal lobe was seen to be compressed m edially to accommodate a very large quantity of xanthochrom ic lluid, possibly as much as 70 c.c., which was lying in the subdural space.
Penrose drains were inserted bilaterally and the wounds closed. Drainage of clear lluid was profuse and the protein content of the lluid obtained from the right side, from which all blood clot had been removed, was 1.8 gm. per cent. The drains were removed on the second day, despite the presence of some discharge, to prevent excessive loss of protein.
On the 25th February left tem poreparietal craniotom y was perform ed. A thick outer m em brane was found, extending forward under the dura, anteriorly to the flap and upw ards towards the fontanelle. This was removed piecemeal and histologically was identical with the organising m em brane which is found in the chronic type of haem atom a. T here was no inner mem brane, but the arachnoid was dotted with grey areas of fibrinous m aterial which, on removal, also showed early organisation. U nlike the inner m em brane of the trau m atic variety, which is easily separable from the arachnoid, Hecks, of fibrin, some of which m easured up to 1 cm. in length and several mm. wide and deep, were part of the arachnoid and had to be excised from it. For this reason not all the bits of fibrin were removed for fear of doing further damage to the under lying cortex, but the dangers inherent in the organisation of this m aterial with the form ation of duro-araehnocortical scars were fully appreciated.
Nonetheless, as much of the m em brane as possible was removed and the wound closed w ithout drainage. Pneum oencephalography perform ed later showed only a slight dilatation of the anterior horn of the left lateral ventricle. When last seen, three m onths hfter discharge, the child appeared completely normal.
At the time of admission the child was extrem ely ill with m eningitis and the superim posed lesion. D rain age of the subdural fluid from the left side alleviated the right-sided convulsions almost imm ediately and, by repeated subdural taps, the pressure was kept low until the inflammatory reaction had had tim e to subside and the child's condition was sufficiently improved to permit trephination and craniotomy. However, the fact that drainage of fluid continued profusely from the right side with a high protein value, even a fter operation, suggests that the inflammatory process was still present at that tim e and the risks of reaccum ulation of fluid m ight have been m inimised by delaying surgery further. Nevertheless, fluid did not reaccum ulate in the subdural space.
The Chronic Type.
Case Report No. 5: L.B., a boy, aged 3 i years. On the 23rd May, 1952, the patient had a chill followed by convulsions and fever. H e became stuporous and finally comatose and was adm itted to hospital. T he diagnosis was acute m eningitis. C.S.F. studies showed 53 W.B.C. with 24 polymorphs and 29 lym phoeytes/cu. mm. and a protein of 100 mg. C ulture, however, was negative. He was treated with antibiotics. He rem ained comatose, and By the 30th May he had become conscious once more, but was aphasic. He tended to become drowsy, and repeatedly his condition was found to be improved by lum bar puncture. He presented a considerable diag nostic problem, developing papilloedema and making no improvem ent in his aphasia. His EEG showed a depressed voltage in the right parieto-occipital area, with some abnorm ality on the left side, but not sug gestive of encephalitis. His head was not enlarged. On the 9th July bilateral trephine holes were placed in the parietal regions and bilateral subdural haematom ata with mem branes disclosed.
The m em branes were removed subsequently by craniotom y and the patient did very well, speech returning to normal in several months (illustration 5 ).
U nfortunately the bone flap on the left side became infected and required removal. W hen last seen he was apparently mentally normal.
In this case the child suffered from acute m eningitis, but the com plicating subdural haem atom a was not dis covered until one and a half m onths later, when signs of increased intracranial pressure developed. The m em branes showed active organisation with phagocytosis of degenerating red blood corpuscles, which are present throughout the newly-formed mem brane. This section should be com pared with those of the traum atic group (illustrations Nos. la and b and 4).
The further pathology of such lesions was well described by Spitz et al. (1945) , who described two such cases which came to autopsy--one in a boy of three years and one in a man of 61 years of age. Both had purulent exudates over the surface of the brain, with exudates on the dura as well as the arach noid, and the boy also had an organising duroarachnoidal adhesion. In the latter case there was also a necrotising involvement of the bridging veins which had allowed their infected contents to escape. The organising purulent exudate over the dura resembled that of a traum atic subdural haematoma.
T he mode of spread of the infection to the subdural space has raised some speculation. In Spitz's cases it appeared as though it had passed through thrombosed and ruptured dural veins. However, in the case of E.P. (No. 4 ) , the fibrinous exudate was intim ately involved with the arachnoid and, although the organism could not be cultured from the turbid fluid obtained from the left side, this form er suggests that the normal lining effect of the arachnoid had broken down and the m em brane had allowed penetration by the inflam m atory process.
In our group of four cases there was one death which contains some interesting autopsy findings and is therefore reported further.
Case Report No. 6: R.C., a two-months-old child, was adm itted to Bellevue Hospital on the 15th July, 1955, with a three days history of fever, laboured breathing and coughing. On exam ination he was found to be lethargic, with a full fontanelle and moist rales over both bases. W hite blood count was 9,000 cu. mm.
Lum bar puncture showed a cloudy fluid with 127 w bcs/cu. mm., 60 per cent, being polymorphs, a protein of 110 mg. per cent, and a sugar of 20 mg. per cent, and, on smear, showed num erous pneumococci confirmed by culture. H e was treated with penicillin and Gantrisin. The patient had interm ittent seizures on the day after admission, with periods of apnoea and the passage of black tarry stools during the next two days. The tem perature fell and rose again. He was given a blood transfusion. On the 19th July his condition was still poor and he had several focal convulsions, the seizures starting each tim e in his left leg. The fontanelle was bulging and pulsating.
Subdural puncture showed only a few drops of whitish fluid from the left subdural space. He rem ained in a very poor condition for several days and was given intrathecal pancreatic dornase.
A further subdural puncture was perform ed on the 27th July, when 10 c.c. of xanthochrom ic and cloudy fluid were removed from the left side and 12 c.c. from the right side.
The following day the right side yielded 9 c.c. (1,500 w b c s/c u ), protein 2 gm. per cent, and sugar 68 mg. per cent., while the left side yielded On 31st August a secondary invader, H. influenzae para B, was grown from this suhdural fluid and a n ti biotic therapy was restarted.
The infection rapidly subsided. Subdural taps were continued, and after being negative for one day produced increasing quan tities of bloody fluid with an extrem ely high protein value and frequently with the suggestion of very recent bleeding.
On the 10th A ugust bilateral trephine was perform ed and, on the left side, much fluid was obtained, but no m em branes were present. Because of the child's poor condition no attem pt was m ade to remove them, and drains were inserted. On the fourth post-operative day, when he was apparently beginning to eat well and do satisfactorily, he suddenly collapsed and ceased to breathe.
At autopsy there were num erous ante-mortem suh dural clots still present and num erous purulent yellowish areas throughout the subarachnoid spaces, especially over the left cerebral hem isphere and around the base of the brain and in the interpeduncular space. There was congestion of the cerebral veins and pial capillaries. There was a large encapsulated suhdural haem orrhage over the upper part of the right hem isphere and a sim ilar one over the left hemisphere, near the superior longitudinal sinus.
This patient certainly died from the effects of the overwhelming infection, but the interesting and im portant point was the encapsulated blood clot over the cerebral hemispheres just at the point where the needles had been penetrating the dura mater overlying the anterior fontanclle. It seems likely that this patient was tapped too frequently and possibly unskilfully, and that the underlying subdural effusion was complicated by bleeding resulting from trauma to the meninges, with the formation of an encapsulated haematoma. There was no herniation of brain nor depression of the cortex, so it is unlikely that this haematoma Avas the cause of death: however, the organisation of the blood clot and the form ation of mem branes is one of the very things that we are aim ing to avoid by removal of the effusion by tapping. Clearly, im properly perform ed subdural aspirations may be as harm ful as no aspiration at all.
M eneghello and Aguilo (1951) and Hankinson and Amador (1956) report several cases in which it appears th at the m eningitis occurred in patients already h a r bouring a subdural haem atom a, and from the record one of Sherwood's cases may have been sim ilarly affected.
S igns, Sy m p t o m s and A ssociated F indings (a) Traumatic and Cryptogenic Group
The symptoms and signs of 339 reported eases are tabulated in Table IIA The following symptoms and signs in the author's 20 cases occurred with the following frequency:- As previous authors have noted, convulsions are the most frequent symptom and are found in 55 per cent, of cases. These, however, may be misconstrued as teething convulsions, febrile convulsions or idiopathic epilepsy.
A ten-months-old girl (B.A.S.) was admitted to hospital semi-comatose. She had been ill for only one day and had had a convulsion. She was discharged with the diagnosis of febrile convulsions and the correct diagnosis was not established until seizures reappeared and she developed a hemiplegia.
Vomiting occurred in -18 per cent, of cases. In four of our seven cases it was projectile and in the other three varied from a slight dribbling over the edge of the mouth to more obvious re gurgitation. Although vomiting is a frequent symptom in this and other intracranial condi tions, it is understandable that when it is the only symptom a diagnosis of gastro-intestinal disorder is made first.
A two-months-old girl (M.Z.), brought to hospital with the complaint of dribbling vomit ing, was diagnosed as having pylorospasm and she was discharged. Persistence of regurgitation required re-admission and subdural taps demon strated the presence of a subdural haematoma. Varying degrees of drowsiness, ranging from retardation to stupor and coma, are found in one-third of the patients. Sometimes this symp tom may not be noticed by the parents until quite late, when irreparable damage has been done (e.g., case report No. 3 ). In another case a child of 7 | months (T.F.P.) was admitted in poor condition with the complaint that he was sleepy, did not play or grasp things nor lift his head, and that he had a poor appetite and was constipated. On physical examination the find ings were those of a stuperous child with a highpitched cry and hyperactive deep tendon reflexes. The fontanelles were closed. A subdural tap was performed through the coronal suture, and on the right side 20 e.e. of slightly bloody and xanthochromic fluid obtained. Despite this, his condition remained poor and he died the next day. Autopsy was refused.
Hyperreflexia is present in
A tense fontanelle is a sign that is easily missed unless a specific examination is made for it. Nonetheless it was present in 38 per cent, of all cases. In other cases it is normal, or may even be depressed if the child is dehydrated from vomiting, or collapsed.
Eighty-three infants (26 per cent.) showed retinal haemorrhages and nine of these, or 3 per cent, of the total, showed papilloedema or secondary optic atrophy. These figures almost certainly do not represent a true proportion, because Statten found haemorrhages in 17 of 23 cases for which they were examined. It is likely that this condition has not been noticed, either because it has not been looked for or because of the difficulties involved in making the examination. However, haemorr hages were found in only three of our patients, despite the fact that a search was made in each. One of ours showed, in addition, a severe haemorrhage in both eyes, causing temporary blindness, which disappeared after the haema toma was removed.
Enlargement of the head is found in one case in four, and in only half of these is the enlarge ment so gross as to be noticed by the parent. This condition may be diagnosed rather vaguely as "hydrocephalus," and without any investiga tion a rather gloomy prognosis, without justifica tion. given. Not only do a number of cases of hydrocephalus respond to therapy, but occa Little help is to be gained from an examina tion of the cerebro-spinal fluid. Xanthochromia is supposed to be a common finding in this condition, yet was present in only two of 13 cases in which a lumbar puncture was performed and was associated with an increase in the pro tein content. Both these children had had recent traumata and it seems likely that the xantho chromia was due to the escape of blood into the cerebro-spinal fluid at the time of injury rather than a diffusion of blood pigment from the haematoma itself. There was a slight increase in the white cell count in four cases.
The electroencephalogram has not been found to be of great value in diagnosis. It was normal in four cases where a haematoma was present. In seven others it showed abnormality in the parieto-temporo-occipital area on one side or the other, even where bilateral membranes were present; while in two cases it showed a diffuse abnormality without localisation. Marinacci et al., however, found a definite depression of am plitude over the region of the haematoma in seven cases with focal abnormalities also.
The condition may be masked by concurrent disease, coryza, otitis, tonsillitis, anaemia, pallor and wasting. Fever is present in 36 per cent, of cases and the white blood count elevated in 10 per cent., so that where these are the most obvious symptoms it is quite understandable that the basic pathology may be missed. ...............................................................  1  Retardation .....................................................  1  No diagnosis .....................................................  1 Matson and Ingraham have emphasised that the diagnosis was only to be made for certain by subdural tap. This principle has been fol lowed in every one of our cases in which the diagnosis was suspected and in which it was practicable to perform the test. Of our 20 traumatic cases, 17 had a subdural tap and this was diagnostic in 15 of them, in that fluid was obtained; the remaining two were doubtful. Because it was felt on other grounds that a haematoma might be present, despite the doubt ful tap, bilateral trephine holes were placed in these patients, with positive results. In three other patients the diagnosis was established by trephine on the basis of clinical evidence and in the presence of closed suture lines. This suggests, since the diagnostic taps were done by a variety of medical men, that in most hands this test is only correct in 88 per cent, of cases, and it should be emphasised that where there are strong enough grounds for believing that a haematoma is present, even when the subdural tap is negative, exploratory trephine seems jus tified. It is usually in the recent case in which gross clots clog the needle that difficulty is encountered with the interpretation of the results. Ormiston (1956) had a similar unsatisfactory experience.
Subdural tap is a procedure that is approached with considerable timidity by a great many physicians, who are unaware of the simplicity of its performance. Although the technique is easily mastered, it is not, however, a procedure that should be undertaken without adequate preparation.
In the first place, a needle is being introduced into a space whose reaction to foreign material is known to differ from the rest of the body, and therefore great concern must be exercised to ensure that no infection occurs.
Secondly, ill-judged and unskilled efforts to obtain fluid may result in some cortical damage, if not actually in the production of a subdural haemorrhage itself.
Because the haematoma usually lies in the fronto-parieto-temporal regions, the puncture Only on rare occasions, if the haematoma is sus pected of being elsewhere, should the location differ. With the skin well shaved and using full aseptic technique, a small lumbar puncture needle should be inserted at the lateral angle' of the fontanelle in an inferolateral direction. The re sistance of the dura mater will be felt at a depth of two to three millimetres, and as soon as this is penetrated the stillete should be removed. Aspiration with a syringe should not be prac tised and fluid should be allowed to drip slowly into a sterile container (illustration 6 ). Sometimes, on lapping the subdural space, a quantity of clear fluid is obtained. This fluid may come from the subdural space or it may come from the subarachnoid space which has been accidentally opened. It is very unusual to be able to get more than about 1 c.c. of fluid from the subarachnoid space of a child without waiting a long time unless there is gross cerebral agenesis, so that if more than that amount is obtained it must be assumed to be coming from the subdural space.
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The In one of our four cases the symptoms were those of chronically increased intracranial pres sure with aphasia after subsidence of the menin gitis, while in the others there was a profound toxaemia, with convulsions in two cases and increasing fever with attacks of opisthotomus in the last one.
Failure of the disease to respond rapidly to treatment, shown by continuance of the fever, irritability or convulsions in about one-third of the cases, are the most important suggestive points. McKay, Ingraham and Matson believe that if the temperature does not subside within 72 hours, or if the symptoms have not made a substantial improvement before that time, the subdural space should be tapped for the presence of fluid.
We have felt, however, that the occurrence of repeated convulsions is an indication for sub dural tapping, even before the 72 hours have elapsed and have been gratified to find that they have been rapidly relieved by the removal of fluid when present. On the other hand, if fluid is not found on the first occasion, but the child's condition remains poor, subdural taps should be repeated as indicated later.
In our cases fluid was found at periods vary ing between the third day (first day of admis sion) and the forty-seventh day,. (In this latter case, L.B., fluid had clearly been present for some time, since membranes were present.) Arnold (1951) has noted that the skin overlying the fontanelle may be inflamed, and the fact that a bulging fontanelle does not cease to bulge after lumbar puncture is very suggestive of the presence of fluid.
Retinal haemorrhages are not found in this group and fundi are usually normal, though blurring of the discs was found in two cases.
Focal signs, such as paresis, are present in the same percentage in both aetiologies, and since they are presumably directly related to pressure on the cortex, this is to be expected. (2) If fluid continued to form, and particu larly if it became increasingly xanthochromic, taps would be continued until the child's condi tion became much improved, signs of active infection subsided and the child became fit for operation. Bitemporal trephine holes were then made and the fluid drained. If the child's condition were good enough and membranes were present, craniotomy would be performed on one side on that occasion, the trephine holes being so placed that they could easily be con verted into a small temporo-parietal flap. In the infectious cases great care must be exercised to ensure that the inflammatory process has settled down and that all cultures have been sterile for some time, as infection of the bone flap or re-accumulation of fluid is likely to occur. If indicated, craniotomy on the other side would be performed one or two weeks later.
Traumatic and Cryptogenic Group
Two patients were treated by subdural tap only. One was a 21-day-old hypertonic infant (E .H .), in whom initial taps produced 2 d.c. of fluid on the right side and ^ c.c. from the left side. Subsequent taps produced less fluid and, improving, he was discharged for observa tion and continued to do well. The second patient (T.F.P.) was admitted as an acute prob lem and did not do well, despite subdural tapping. His condition was too poor for surgery. Therefore only one patient did well on aspira tion alone, and he clearly had only a small haematoma.
In seven cases operation had to be undertaken before conditions were judged optimum. Two of these were neonatal. Fluid did not drain well by subdural tap, largely owing to blood clots, and, the patients' condition deteriorating, surgi cal intervention was undertaken. In another (R .L.), surgery had been undertaken as an Page Four Hundred and Fifty-Three N ovember, 1957 SUBDURAL HAEMATOMA IN INFANCY T he Central African J ournal of Medicine emergency procedure, after subdural taps had been doubtful, on an infant in very poor condi tion who did not survive. The last case (R.G.--case report No. 2) had a very large chronic haematoma, which it was felt inadvisable to drain repeatedly because of the great protein and electrolyte loss involved. A fter diagnosis had been established by subdural tap, the mem branes were removed through enlarged trephine holes. Despite the sub-optimal conditions, all these patients except one did well.
One patient was treated by aspiration and trephine only at the optimum time (K .R .). No membranes were present and she made an ex cellent recovery. Seven patients had repeated subdural taps and subsequently underwent craniotomy with re moval of membranes. Two cases required uni lateral craniotomy only; the rest required bilateral craniotomy.
In three patients the condition was diagnosed by bilateral trephine. In two, trephine alone was satisfactory; while in the other, bilateral craniotomy, with removal of the membranes, was necessary. These three patients did well.
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A total of 11 unilateral or bilateral trephine operations and 18 craniotomies were performed on 18 patients. Seven patients had bilateral and four had unilateral craniotomies. One patient ( R.L.) died in the immediate post-operative period. This gives an operative m ortality of one death in 29 operations (3.4 per cent.) and a surgical case m ortality of one case in 18 (5.5 per cent.). Of 20 cases, however, two diedan over-all case m ortality of 10 per cent.
Of the 18 patients who survived, treatment was complicated in only one of them (A .J.), who developed a small area of necrosis of the scalp, necessitating a small plastic procedure.
Post-operatively, pyrexia was frequent, and every effort was made to keep the temperatures of such patients below 101.5° F. by the use of told sponges, oxygen tents and, if necessary, ice water enemas. In no case did severe hyper therm ia occur. No operation was commenced without a satisfactory intravenous infusion run ning, and this was maintained post-operatively until the haemoglobin had been checked and the infant was found to be taking fluids satisfac torily. In every case the infant had responded satisfactorily by the day following operation and was taking fluids by the second post-operative day (illustration 7 ), M en in gitic G ro up Attention was directed in the first instance to the control of the infection, and for this purpose penicillin, gantrisin and chloromycetin were used. Intrathecal pancreatic dornase was used in two cases in an effort to cut down the organi sation of fibrin. Subdural taps were performed on three patients. After the presence of fluid had been established the patients were tapped frequently, as before, to keep the intracranial pressure as low as possible and relieve the com pressive effects of the fluid.
These were continued until either the produc tion of fluid ceased or the patient's general condition was considered adequate to allow drainage by trephine and examination of the subdural space for the presence of membranes. If membranes were present, they were removed by craniotomy.
In one case (C .P .) , instead of tapping the space repeatedly, a small polyethylene catheter was inserted into the subdural space through a spinal needle and connected to a drainage bottle. Drainage was not very good because of the tendency for the tube to curl up, and movements of the child made it difficult to keep the whole apparatus sterile. However, it seems a worth while method if it will drain properly and saves the repeated traum ata to the dura m ater of subdural tapping (see ease report No. 6 ).
The fourth ease has already been described (case report No. 5 ).
Three unilateral or bilateral trephine opera tions, five craniotomies and one bone flap re moved were performed on four patients. There was one death.
Follow-up Studies
Traumatic Croup.-Of the 18 patients who were discharged from hospital, follow-up is com plete to August, 1955, on all of them. The longest period is five years and ten months (J.M.) and the shortest three, months (M .L.). One patient has since died of an unrelated cause (F.C.-pneum onia) and has been excluded from the series. He had, however, been well up to that time, with fewer seizures, but had been slightly retarded. Thus 17 are now available for study.
Thirteen have been classed as normal child ren. Four have some residual disability-three of them are mentally retarded (though two are greatly improved compared to their pre-operative state) and one has a hemiplegia, but is a bright child in all other respects. Therefore, of those 17 still living, 13 or 76 per cent, are normal, two or 12 per cent, are improved though still backward, and two or 12 per cent, have a re sidual neurological disability. This series of cases is compared with four other series similarly treated (Table IV ) . reported the largest series. They have had no hospital deaths since 1944 and have had only six deaths in 169 cases (mortality 2.9 per cent.). Five children died after discharge from hospital from causes unrelated to their disease. Seven had residual seizures, two were blind, two hemiplegic and two had facial weakness. They believe that over 70 per cent, are developing normally. Statten (1918) presented an interesting and comparative series of cases, with one group treated prior to 1915 by haphazard and radical methods and one group treated subsequent to that date by the principles laid down by Matson and Ingraham . Of 13 cases treated in the first group, only three were known to be living and eight were dead-a m ortality of 61 per cent. Of the group treated after 1945, ten were normal, three were retarded and two were dead. Two died before their condition could be adequately improved for surgery.
Good results speak for themselves. It is, how ever, of great importance to analyse the poor results and to determine the factors responsible. In our series two patients died; the first (R.L.) was an infant of three months and had been ill for only four days prior to admission. Subdural taps were not performed for two days and, when they were inconclusive, were not repeated for a further two days, by which time the fontanelle was very tense, she had developed spasticity of the upper arm and W'as almost m oribund. Bi lateral haematomata were drained through trephine holes as an emergency procedure, but the child died the next day. Autopsy was refused. It is possible this child might have Four children have some residual disability. M. O'N. is mentally retarded and has poor vision. He had been vomiting since being taken home from hospital at birth and had recently had seizures and drowsiness. On the day of admission to hospital subdural taps were found to be positive bilaterally, but he did not drain well and intervention was forced after two days by his deterioration. After drainage of the right side a subdural tap on the left side was found to be negative and he was sent home. Two other cases are mentally retarded. How ever, they are improved over their pre-operative condition, and it must be borne in mind that "one cannot make a silken purse out of a sow's ear," so that these cases must be classed as improved rather than failures of treatment, B.A.S. has a residual hemiplegia. The con sequences of her misdiagnosis have already been discussed.
M e n in g it ic Cases
Three cases are alive and well in periods varying from three months to three years and three months. One patient has a residual dis ability (L.B.), in that the bone flap required
Page Four Hundred and Fifty-Six removal after a second craniotomy. He awaits a plastic procedure at a later date. These cases cannot be compared with any other series except in so far as they form part of a group of cases of acute meningitis, and the results can only be properly assessed within the framework of such a group. Nevertheless a case such as L.B., where a residual aphasia only disappeared after membrane removal (there was no improvement between the time the fluid was drained off and the membrane removed) can only serve to im prove the figures of any series of which they form a part.
The one case that died has been previously discussed.
Discussion-The Problems of Subdural Haematoma
Numerous problems remain unsolved in this rather peculiar lesion.
Whereas the aetiology in a number of cases is clear cut, either trauma or meningitis being the provoking factor, a large number of cases have no known aetiology, although hypoprothrombinaemia may be an important factor in many of them. Symptomatically, most of the latter cases resemble either the acute or the chronic condition, while sometimes the subdural fluid has a very low protein value and sometimes high values with thick membranes. In infants there is clearly some other factor rendering the infant skull liable to the production of the lesion, over and above the direct effects of trauma or infection.
During the course of the last century the origin of the membrane which appeared in adults and was then called pachymeningitis haemorrhagica interna, caused much discussion. Sperling and Wiglesworth believed that bleeding occurred first and was followed by organisation of the clot and production of the membranes, while Virchow believed that the bleeding occurred after membrane formation. Nowadays we know that an identical membrane may be formed, either by the organisation of a blood clot or of an inflammatory exudate. The only difference between them is the greater tendency towards duro-arachnoidal adhesion in the in flammatory group.
It is by no means clear, at the present moment, what is the difference between the subdural space and other tissue spaces in relation to the absorption of blood. In the majority of cases of extravasation elsewhere, even into the pleural T he Central African Journal of Medicine cavities, it is rare to find organisation of any but the biggest haematomata, and nowhere do we observe the steady increase in size seen so regularly in the subdural haematomata.
Whereas the theory of osmotic attraction appears to provide a satisfactory explanation for the increase in size of the traumatic group, it can scarcely be the only factor in the inflamma tory variety. Gitlin's and Crosby and Bauer's observations on subdural fluids tend to suggest that both types of subdural fluid (traumatic and inflammatory) have an exudative element and the very close histological resemblance of the membrane produced in both groups imply that the mere presence of blood within the subdural space is irritating and sets up an inflammatory reaction with outpouring of fluid and invasion of the clot or exudate by phagocytic cells. In deed, it is only on the basis of the perpetuation of the inflammatory reaction that one can account for the occasional persistence in the production of fluid, even after complete surgical drainage of the space, and sometimes even after the com plete removal of the membranes.
In one of our traumatic cases (A.R.) aspira tion was necessary several times after an operation for removal of membranes which had been left quite dry, to evacuate accumulating fluid which bulged the skin over the trephine holes around the bone flap. It seems that the old and rather mechanical theory of osmotic pressure must be considered outmoded, and whereas this undoubtedly plays a large part in the process, we have now to think of it as a combination of osmotic pressure and inflamma tory reaction together.
Convulsions are not a common symptom in subdural haematoma in adults, yet they occur as a presenting symptom in over 50 per cent, of cases in the mixed and in 55 per cent, of the meningitic group. Presumably that is due to increased irritability of the infant cortex com pared to that of the adult, since removal of the fluid by tapping frequently results in a remark able amelioration of the patient's condition. In the majority of our cases suffering from seizures a left-sided seizure was related to a right-sided clot, and vice versa, while bilateral or generalised convulsions were usually found when bilateral lesions were present. There are many cases of convulsions occurring soon after birth, many of which are not amenable to treatment; nonethe less the possibility of this eminently curable lesion being the basic cause should always be borne in mind and the proper diagnostic mea sures taken to exclude it.
Persistent fever was found in 53 per cent, of the post-meningitic cases and 35 per cent, of the traumatic cases. This tends to support the thesis that even though the primary bleeding may be caused by trauma in certain eases, the subsequent reaction of the meninges is inflam matory in both cases, with fever following thereon and producing a similar pathological picture.
Much discussion has developed around the significance of the subdural membrane and the necessity for its removal. Few surgeons feel that the membranes are of any significance in the adult unless they are so thick that the subdural space does not collapse when the fluid is removed; but in the infant, on the other hand, many feel that their removal, especially of the inner membrane, is essential if brain damage is not to occur. It is held that the membrane does not grow at the same rate as the skull and brain itself and stretches across the vault of the skull like the string of a how, eompressing the underlying brain. Sherwood's and Naffziger and Brown's series, which did not do particu larly well on drainage alone, and the good results obtained by craniotomy also, have led us to agree that in the majority of cases removal of the membranes should be carried out when ever they are present. On the other hand, Everley Jones (1952) has presented a series following meningitis in which craniotomy was not carried out on any patients, and states that all are doing well. Under these circumstances one has to agree that the question as to which patients should be subjected to radical surgery and which should not is as yet subjudice. From our own experience we have felt that when membranes are present, better results are ob tained when they are removed than when, if of any thickness, they have been left in situ.
On the other hand, there can be no question regarding the advisability of removing fluid when it is present, even though in a number of the meningitic cases it may be reabsorbed as the inflammation subsides. The presence of fluid causes pressure on the brain, and the remarkable alleviation in symptoms obtained on tapping the subdural space bears ample testimony to the value of the procedure. In addition, removal of the fluid removes some cells and fibrin, all of which are likely to contribute towards the presence and thickness of the membranes. 
